This design case covers a graduate course in educational software design that focuses on semester-long projects in response to client requests. The course was intended to address the need for professionals across disciplines, such as instructional design, computer science, and human-computer interaction design, to usefully collaborate on educational software projects. The ability to work on a multi-disciplinary team was fostered in several ways: through recruiting students across multiple majors; providing readings and student presentation topics related to language, processes, and techniques used by each discipline; and by scaffolding the work of multi-disciplinary student groups in a major semester-long project.
INTRODUCTION
This design case focuses on a new course on Educational Software Design. Some of the main goals of this course include learning basic terminology, techniques, and processes used across design fields, as well as gaining deep experience working with team-members from a range of backgrounds through engagement in a realistic project. The need for this course was supported by my own research and extant disciplinary education research.
My research on the experiences of educational software designers has revealed that these professionals generally design and develop software as part of a multi-disciplinary team (Exter, 2012 (Exter, , 2014 . Analysis, documentation, and testing are performed at multiple levels, including but not limited to appropriately identifying and scaffolding learning, creating maintainable software architecture, and designing a friendly and usable interface. Therefore, creating a complex, high quality educational software typically involves some degree of collaboration between professionals from multiple disciplines, such as instructional design, computing, and human-computer interaction. In order to effectively collaborate, even the most specialized individuals benefit greatly from fully understanding the terminology used and the abilities of other specialists with whom they interface or co-design. This is also important for all members of a team, but particularly for those with project management capabilities or who are involved in overall product design, to understand the different design processes that cross the lifecycle of a product, such as ADDIE or other ISD models in instructional design, or software engineering models used by a computing team. My own experience as a software developer, software designer, instructional designer, and day-to-day project manager aligns well with the experiences shared by my research participants. multiple roles simultaneously, and additional roles across the duration of their careers, including instructional design, project management, software engineering, software development, and quality assurance. Furthermore, most members of software design teams need to gain an understanding of the needs of clients or users and to interface with subject matter experts and team members with a variety of expertise. However, this often was not covered extensively, if at all, across formal educational paths.
Instructional designers increasingly work on cross-disciplinary teams (Koszalka et al., 2013) and spend significant amounts of time on project management and in meetings (Cox & Osguthorpe, 2003; Ritzhaupt & Martin, 2014; Ritzhaupt, Martin, & Daniels, 2010) . They often are intensely involved in project conceptualization but not in project development, leaving little opportunity for them to understand the process or offer their own insights and innovation as part of a collaborative development team (Hooper, Rook, & Choi, 2015; Smith, 2008 ). Yet, they must make complex judgments related to multiple aspects of each design, many of which are not directly related to learning outcomes or ID theory (Gray et al., 2015) .
Similarly, computing professionals must be prepared not only to work with specialists from other fields, but also either become highly knowledgeable in the domain, or be able to work closely with a variety of subject matter experts and stakeholders to understand their needs (Dieste, Juristo, & Shull, 2008; Hofmann & Lehner, 2001; Niknafs & Berry, 2012 , 2017 . For example, degrees in computer science and software engineering generally do not prepare students to work with users from different age groups or in contexts such as school classrooms. In practice, software design professionals recommend offering students the opportunity to engage in large scale, cross-disciplinary team projects of realistic scope and complexity (regardless of the domain) to help them gain these skills that are in demand in the workforce (Exter, 2014; Exter, Caskurlu, & Fernandez, n.d.; Exter & Turnage, 2012) . Similarly, user experience design professionals find communicating with others who use industry-specific jargon or work processes to be a major hurdle when they first enter the workforce (Gray, 2014) .
The goal of the graduate course in Educational Software Design described in this case was to provide exactly this type of an experience. Students from varying backgrounds participated in complex design problems that related to education or instruction. They were grouped in multi-disciplinary teams based on student skill-sets and preferences and were guided through the entire design process. Course readings exposed students to terminology, processes, and techniques used in several disciplines, including instructional design (ID), software engineering (SE), human-computer interaction (HCI), and graphic design.
Course Designer & Instructor
I am an Assistant Professor in the Learning Design and Technology program at Purdue University. My professional background includes software design, development, and project management. These experiences allowed me to expand my understanding of the knowledge obtained from a Bachelor of Science and Master of Science in Computer Science. During my seven years in industry, I worked primarily on back-end systems with minimal to no user interface requirements. My interest in improving educational systems, particularly computer science education, inspired me to seek a PhD in Instructional Systems Technology. While obtaining my PhD, I had the opportunity to become involved as a Graduate Assistant in an educational software project. Over eight years, I worked my way from the lead of design and development to project manager on the project. The project spun off into a small company and I became director of Design, Development, and Testing. I received an opportunity to experience the early stages of developing a business and gained insights into the challenges of successfully bringing such a product to market. The combination of my education and experience provided an appreciation for the complexity of designing educational software and of working on a cross-disciplinary team with members who not only spoke different languages but also looked at design processes and products through different disciplinary lenses. This in turn inspired my dissertation topic: relating the professional and educational experiences of in-practice educational software designers.
Design Inspiration
Knowing that I had benefited from my own cross-disciplinary professional and educational experiences, I was inspired as a doctoral student to contemplate designing an experience for instructional design students that would foster an appreciation for and an understanding of the language and processes of other fields; provide a sense of what it is like to collaborate with colleagues from other disciplines; and provide experience with the complexity of designing software for real clients and users. When I began my position as an Assistant Professor, I had the opportunity to think seriously about developing a one-semester course. I initially envisioned this as a course for instructional design students in which they would learn to program and go through the entire design, development, and test process. However, I was very concerned that this would not be realistic-after all, in the one-semester senior capstone course I took during my undergraduate program, computer science students barely got past the initial design phases, while two-semester capstones often result in a small prototype rather than full-fledged software. Furthermore, training instructional designers to use a software engineering process and do some programming would not give them experience in working with specialists in other fields, one of my main goals.
I had several lengthy discussions with Dr. Micah Modell, a friend with a background similar to my own. After talking through my quandaries, he suggested that I review my dissertation findings to identify the most important skills for an educational software designer. Helping instructional designers understand and respect the important roles played by others specialists was important to me. These include, but are not limited to, software designers, human computer interface designers, and graphic designers. Each of these disciplines who not only design and develop particular aspects or components of the software, but also use very different types of analysis and testing than those included in instructional design models. Students in these fields had a similar need to gain interdisciplinary experience. The real world requires interacting with specialists from multiple fields, as well as with users in particular domains such as educational software. This was the inspiration I needed to focus the course on the design process.
My own learning experiences, including reading and learning about design, conducting research work, and observing colleagues who applied a studio approach to teaching design, helped me realize that this was the pedagogy I wanted to emulate in my educational software course; however, practical constraints prohibited the full realization of a studio model (notably, the slightly less than three-hour per week time-slot allotted to the class). These experiences provided mental precedent for my adaptation of the studio model for this course. I had previously taken studio courses in human computer interface design and instructional graphics design as part of my PhD coursework at Indiana University. As a student in Elizabeth Boling's research group at Indiana University, I participated in ongoing reading discussions on literature related to design pedagogy. Later, when I accepted a faculty position at Purdue, I joined a group of faculty fellows who designed a transdisciplinary undergraduate program that relied heavily on studio-model pedagogy. As part of this effort, I worked closely with several faculty members who had deep experiences with studio teaching, including Dr. Colin Gray (human computer design and development), Richard Dionne (theatre), and Davin Huston and Amy Van Epps (technology and engineering). I had an opportunity to observe their teaching style and interactions with students within my roles as program evaluator and researcher. During this time, I co-authored articles related to the use of critique in an instructional design course and the incorporation of a studio model into an undergraduate transdisciplinary program, as well as other related topics.
COURSE GOALS
My goals for the course were to provide learners:
• A basic introduction to the language, design processes, and techniques used by several fields, including instructional design (ID), software engineering (SE), graphics design (GD), human computer interface design (HCI) and quality assurance (QA).
• An opportunity to collaborate with peers as part of a cross-disciplinary team.
• Experience working through a systematic design process while designing software for a real client and users.
CONTEXT & STUDENTS
This course took place at Purdue University, a large landgrant, research-intensive university in the Midwest. This university is well known for its science, engineering and technology programs, but also has a strong College of Education. The Educational Software Design course was offered within the Learning Design and Technology (LDT) program in the department of Curriculum & Instruction. The LDT program awards both Master's and PhD degrees.
The Educational Software Design course was offered to LDT Master's and doctoral students, as well as other graduate students from across the university. The can serve as one of the major electives for LDT students and a general elective for other students. The 11 students who completed the course came from LDT, Engineering Education, Technology, and Linguistics programs.
Although none of the students had worked professionally on educational software, several had related experience: (a) three students had significant software development experience (including one game developer, one embedded systems developer, and one who had worked in data analysis and large data systems), (b) two students had significant instructional design experience, and (c) three had graphic design experience, including one who focused on human-centered design.
All of the students had some professional experience. One was a current faculty member at Purdue, two currently previously taught at a local community college, and the others had some teaching experience, either as graduate students or in other similar capacities.
Students came in with a range of goals. Several hoped to work on a software project of their own design. Others wanted to learn more about instructional design or had a foundation in instructional design but wanted to learn more about software design. For a few students, this course merely served as a convenient elective.
This diversity of student backgrounds and goals presented a significant design challenge. While I attempted to address this challenge in the course design, I did not know exactly what to expect until I surveyed students a week before the semester began. Even then, I was surprised at how different students' backgrounds informed their understanding of, and interaction with, the material. For example, two students had significant amounts of experience with programming (one who used it to support the use of sophisticated statistical techniques, the other to interface with embedded systems); however, both had very little experience with software design techniques or the Unified Modeling Language (UML) visual language used in software design. Another student was pursuing a computer graphics degree, but had taken coursework in instructional design. Students' goals impacted what they hoped to get from the class. For example, one student majoring in Learning Design and Technology planned to pursue a career in university administration, indicating that his primary interest in the course was to become an informed consumer of educational software consulting services. This impacted what he perceived as being the most interesting or relevant aspects of the course.
COURSE DESIGN PROCESS Course Traits
The initial traits envisioned for the course included:
1. Attract students from across disciplines and give them experiences working together. This would allow students to experience working in a cross-functional team, as would happen in a real-world setting.
Include a semester-long project for a real client in K-12 or higher education.
This would create a real-life situation in which students need to focus on a client's vision and desires, rather than on meeting an instructor's requirements. This would encourage students to understand clients' desires, learn the process being used, bounce ideas off of each other, share documentation that could be understood by non-specialists, and negotiate deliverables.
3. Provide an introduction to the design processes used by several fields and require students to work through a full design process during the semester. This would allow every student to come away with a high-level view of how specialists following multiple disciplinary design processes work together to create a piece of educational software. In the future, students would be able to tackle small projects on their own and become knowledgeable colleagues to specialists in other fields.
4.
Provide studio space and time, allowing students to engage with one another during class time. This allowed students time and space to work on deliverables during class time (although outside work time also was required). As part of the studio set up, they also were required to give critique and serve as test subjects for their peers' interview protocols, usability tests, and other activities.
Provide opportunities for purposeful iteration of concepts based on feedback through instructor and peer critique, client feedback, and user testing.
Iteration is an important part of the design process, allowing both problems and solutions to evolve over time as new understanding is gained. In addition to team brainstorming, critique, and client feedback, students would interact with target users (such as students). These interactions would serve to drive teams to revisit a problem frame and design choices, thereby inspiring design iterations.
6. Minimize the number of lectures, reserving time for the above items. Even before deciding on the studio model, I was certain I would like to use an active learning approach, allowing students to learn from the experience by applying concepts introduced in readings to the real design project. This would take the emphasis away from me as an instructor, and ensure we had plenty of time to focus on the actual experience of designing software as part of a multi-disciplinary team. This also was intended to subtly communicate that I was not an expert in each of the domains. We all had expertise to share and things to learn.
Course Topics and Readings
The project was central to the course. However, students needed access to the disciplinary knowledge and skills to complete their projects. To overcome this issue, I developed a list of key topics across several domains and began to collect resources for each. The following topics were selected for the course:
• 
Topical Presentations and Activities
Although I anticipated that many of the students would come in with skills from one or more design disciplines, I could not count on having all disciplines represented, and I did want all students to acquire some base-level knowledge and skills in each area. While I recognized that course lectures were necessary to bring students up to speed about the processes and languages used in each field, I felt that lecturing on these topics would take away from the student-directed environment I hoped to create. I also wanted to emphasize that all students brought knowledge and skills into the course rather than elevate myself as an "expert" in all areas (which I am not). Therefore, I quickly settled on the idea of having students present key topics.
A limitation to this approach was that I might not be able to attract students with expertise in each area every semester. Therefore, I assembled a list of readings for each topic, which were accessible to students who lacked expertise. I further narrowed down the reading list in an attempt to avoid overwhelming students. I focused on those readings that provided clear, high-level overviews and examples that could be used as models for project work. I planned for student presenters to read all of the readings from each week (required and optional) and present based on these. I also made additional materials available for those who wished to use them. I told students that they were welcome to use any approach they wanted in their presentation. Although I left it up to them whether or not to create an interactive activity, nearly all of them opted to do so. I therefore cut back on some of the activities I had planned, or used the additional time to focus on activities more directly tied to project work.
Many students selected a topic that they were already familiar with from their own disciplinary background, but others chose to stretch themselves and presented on areas new to them. All students appeared to have done research beyond the required readings and based presentations on their previous knowledge.
Student presentations varied, but generally included a PowerPoint presentation on the topic (see Figure 1 for a selection of slides from a presentation about gathering and writing requirements) and often included a related video or other resources. Students generally elected to include one or more short interactive activities related to the topic (see Figure 2 , in which student pairs respond to an activity relating to visual design, and Figure 3 , in which students remained in their project teams and designed their own process models after a presentation on software engineering models). These presentations were intended to be limited to 20-30 minutes, but the group often brought up questions that resulted in lengthy discussions. Each presenter would address questions, followed by additional comments by me and other students. In many cases, I had to encourage discussions to draw to a close after an hour.
I was excited to see that several students began or ended their presentations with insights about the course and course materials. One of the concepts that I aimed to impart in the course -but was concerned would be difficult for students to fully grasp -was how design processes across different disciplines were similar but had unique aspects. I also wanted to foster an understanding that these design processes overlap chronologically (as opposed to fitting the entire Software Design process model into the "development" step of the ID process, as ID process models seem to imply). I was therefore thrilled that two students began their presentation explaining their epiphany about this very topic and shared a visualization of their understanding (see Figure  4 , one student's visualization of the alignment of various process models).
The activities students organized were almost always designed to get peers working in groups-sometimes in their project teams, and other times they were put into different small groups or pairs. As the course instructor, I often participated in the activity as well. Activities varied per topic. For example, one student presented basic graphic design principles and then had students work in teams to redesign poorly designed street signs (see Figure 2 ). Another student presented usability test techniques and had each group write a brief usability test script, and then had groups switch members to practice the short test protocols. Although some activities focused on outside materials (in one case, having us examine some of the "10 worst websites of the year"), others connected the direction to the main course projects. For example, one student presented different software design models and asked each team to talk about what model they would use for their own project. Several teams chose to adapt one of the existing models for their own purposes and shared their reasoning (see Figure 3) . Overall, I was very pleased with the student presentations. Students who expressed concerns that they were not very familiar with the material presented a high level overview based on the readings I had provided and came up with engaging activities. I tended to be more interactive during discussions on these topics and sometimes added information during the presentation if I felt it would be useful. Those who had relevant expertise tended to give a brief overview on the topics presented and then delved deeply into one or more aspects, usually introducing a depth beyond my own level of knowledge. Discussions after these sessions allowed less knowledgeable peers to gain a deeper understanding, as well as enabling the entire class to question, debate, and share relevant life experiences.
Project

Project Process Model
One of the major goals for the course was to introduce students to the life-cycle models or processes used by various disciplines, as well as some of the common tools and techniques used within the steps of those processes. Within each discipline, rather than recommending any one model, we would discuss the pros and cons of various models. This decision was driven, in part, by the sheer number of processes described in textbooks for each discipline. I was further influenced by my impression that the discipline-specific processes I had learned during my formal education (specifically the software engineering and instructional design process models) were often not directly followed in practice.
I also hoped to convey that processes used by the various disciplines overlapped with one another. For example, ID models appear to imply that the work of user interface designers and software developers falls within the "development" phase from an ID perspective. However, user interface designers and software developers must also learn about users' needs, document or at least review and discuss technical requirements to ensure they are feasible, and create designs of various types before beginning development. Each of these disciplines also has unique forms of testing that have different purposes and that must occur at different points throughout the lifecycle of a product.
Instructional System Design
In practice, linear or cyclical models are rarely followed as documented in textbooks because design process is messy. When multiple design specialists interact, there is even more potential for those working on one aspect of the design to impact the process of working on another aspect. For example, when a software developer determines that a portion of the design is very difficult or not feasible to implement, they may recommend changes to the user interface design, even after interface designers believe their design to be complete.
Although I wanted to encourage students to consider a fluid, "no-right-answers" approach to using process models, their semester-long project had to have some structure. Otherwise, as in my own undergraduate project-based software engineering experience, students might find themselves barely getting through the first few steps of the process, resulting in students and clients' disappointment. Clearly, we could not work through a full formal lifecycle model for each discipline I intended to introduce. This was a struggle for me, because I wanted to give students experience with different techniques across disciplines, allowing them to understand the value of each component and the contributions of each disciplinary area to the overall project. Yet, I also wanted them to see the value of a shorter cycle: iterative rapid prototype model.
I decided to create a loose "hybrid" process that would allow students to experience working with some techniques from each discipline. This would guide them through the analysis, design, and early testing phases, and allow them to gain some testing experience. The goal I gave to students was to develop a prototype (which could be low fidelity) that would allow for some basic user testing.
After reviewing a variety of process models from across disciplines, I laid out the syllabus (see Appendix A) to guide students through each of the analysis, design, and testing activities, with deliverables assigned to align with each of these key steps as shown in Table 1 (see detailed schedule in Appendix B). Although due dates were specified in the syllabus, I was aware before the course began that these may need to be flexible based on teamwork and informed students accordingly as the course began. Although the syllabus, schedule, and their design and design documents (supported by submitting design documents multiple times-a draft, a "final" version, and finally a list of potential revisions as part of their final project submission).
Throughout the course timeline, teams were encouraged to return to earlier steps as they learned and experimented more with different design concepts. For example, after narrowing their target population or collecting data from users, I strongly recommended teams look back to research literature or other sources to help them learn more about the user group. Going through the design process also elicited more questions, which could potentially drive students to collect additional information from potential users and subject-matter experts, and to ask more thoughtful questions of their clients, after which they could reframe the problem or tighten the scope of the project. For this process, I took as mental precedent my observations of instruction offered by colleagues with significant background in studio pedagogy. These colleagues used generalized design models that allowed for fluidity between steps and multiple low-fidelity prototype iterations.
Each student group determined specific methods to use for their team projects. Learner and needs analysis were conducted through interviews, focus groups, surveys, and, in one case, walk-throughs of the current product with student and instructor users. Several activities encouraged students to come up with divergent visual design and interface design concepts (such as those shown in Figure 5 ) and then further refine the concepts (see Figure 6 ). I also stressed that they must determine underlying behaviors of the tool (see Figure 7) .
Deliverables: Project Documentation
In order to avoid overwhelming students, I created templates and sample materials for each step, which were simplified versions of materials used in practice. The filled-in templates would become major deliverables for the class. While preparing for the class, I reviewed many templates found in books and online, then created a simplified version specifically for this course. For example, my learner analysis template included a table to fill in and add bullet point lists with suggestion Groups received feedback on each deliverable and turned in a second version (although not noted on the schedule, the revised version of the usability test report was incorporated in the final document submitted at the end of the semester).
Student groups filled in the template documents directly with nearly no instances of adding additional sections. Any changes made were only to formatting. Although my intent was for students to use these documents to walk them through the process, I observed that students began to work on these documents only in class sessions immediately preceding the due dates for the deliverables.
Furthermore, I believed that documents were often written in a divide-and-conquer mode, based on differences in writing styles across the documents. Students did not say much about these templates at the end-of-semester debrief or in their reflection statements, other than to recommend breaking the documents up into more frequent and smaller deliverables.
I anticipated that student groups might struggle most with the technical writing components of the design documents, which were to include a simplified use-case diagram with detailed functional requirements. Despite the sample usecase diagram and a set of very simple requirements included as an appendix in the design document template, I found that I had to give a lot of feedback on these sections on students' first and even second drafts. This may be because the concept of a visual language like UML and the type of writing and specificity required to write technical requirements was completely new to the majority of students, but I believe that the learning process was further complicated by trying to use these new tools on designs that were not yet fully formed. While an experienced software designer might find creating this documentation helps students to organize their thoughts, the same activity may not do the same for my students-especially as, to my surprise, even students with significant software development experience, within their disciplines of engineering or game design, were not familiar with these types of documentation.
Clients & Project Requests
When locating potential clients, I aimed for realistic, complex design problems for students to tackle. I wanted projects focused on "educational software, " but for practical purposes, I allowed this to stretch to any software that supported education in some way, allowing me to work with clients that were interested, easy to access, and did not have concerns about intellectual property issues. It was not easy to find potential clients who would agree to the caveat that in exchange for their time they would receive a design but not fully developed software. I began by reaching out to personal contacts and asking for referrals. Unfortunately, as this was only my second year at the university, I did not have a very rich collection of personal contacts, and those whom I talked with did not have any projects in mind, or may not have had a clear vision of what my class could offer them.
Although I began conversations with several individuals, in the end the group most interested was the university's own instructional technology team. This team often works with student interns, and they indicated having many concepts for potential tools or tool enhancements that no one in their own team had time to work on. They were especially interested in the potential for my students to conduct a learner analysis and come up with a new perspective on two of their existing software tools. The third project for the semester, which was pitched to me by a student before the course began, involved developing a software tool to be used by Japanese language students and instructors. Although students brought this project to me, I required them to locate someone who could serve as a "client" so that they would have the opportunity to engage with someone else who might have different ideas about what they wanted out of the project, just like other teams. Unfortunately (in my mind), the individual identified as a client already worked very closely with one of the team members and they had a common vision of both the problem and the potential solution. Therefore, this team did not experience the creative pushback that other teams faced, nor did they need to learn to communicate with a client whose background was different from their own (especially as the initiating student became the primary point of contact for this client).
Clients were asked to present their projects on the first day of class, before students decided their project preferences or were assigned to teams. Once teams were formed, they were expected to interact directly with clients, including scheduling and conducting meetings. I provided advice upon request about how to tackle issues or quandaries but did not interfere directly between students and clients. Clients were surveyed at the end of the semester (highlights of client survey results are presented in the section on Client Feedback).
Student Team Formation
Students were asked to fill out a brief questionnaire before the end of the first week of class. In this questionnaire, students were asked to rank the projects based on their preferences and list of skills they had to offer the team. I assigned students to groups based on their preferred projects and existing skill-sets, while ensuring that each team included students from across multiple disciplinary backgrounds. Fortunately, most students got their first pick as this allowed for diverse groups, so this was not as difficult as I had expected. Unfortunately, two students dropped the class in the following weeks, but students volunteered to move to ensure there were at least 3 students in each team.
Intellectual Property Considerations
Before advancing too far with potential partners, I met with a representative from the university intellectual property office to learn about students' and clients' (or sponsors) rights. After several meetings, he consulted with another team to create a statement of acknowledgement of students' and the university's rights per federal law and institutional guidelines, which both students and client representatives signed.
Team Tools
Students were referred to an online resource including information about team charters and sample team charters (http://www.teamlti.com/charter/index.html) and required to create their own charter. However, I gave no specific guidance about creating and using the team charter. In retrospect, I believe I made this decision from my own lack of familiarity with team charters, or their use, in class projects.
Another faculty member recommended I use one, and, after a brief online search, I decided to use the teamlti.com site as it seemed to give clear recommendations and had a number of samples. I assumed that the graduate students would make use of this resource as they saw fit. Student teams did not appear to have difficulty creating their own team charters, but did not appear to use them throughout the semester. Students later recommended that I provide reminders for teams to review their team charters because these would have addressed team issues experienced during the semester.
Students also were required to use a self and peer feedback tool described in Modell (2013) , in which they rated themselves and their team-members on a weekly basis across 13 different prompts. In addition to encouraging students to reflect on their team interactions, this was intended to keep me up to date on how well various team members were doing. I planned to pair this with my own observations during in-class and informal discussions with teams during class time each week.
Unfortunately, because of a variety of technical issues we were not able to use the tool successfully for about the first third of the semester. Surprisingly, students did not mind using the tool despite these issues, and we discussed how we were essentially beta-testing a working prototype system. However, the results were harder to read than I had anticipated. Although there were some peaks and valleys in individual performance, to a large extent students appeared to be giving themselves and their peers equal scores throughout the semester (the design of the tool required scores across all students to add up to 100%, meaning that raising the score for one would require lowering it for others). However, overall there was much less variation between students than I would have anticipated based on informal conversations throughout the semester. Although I had planned to use this tool to aid me in assigning points to each student based on their individual effort, I felt that I did not have enough data to fairly differentiate between students.
Each student was shown the graphs created by the selfand-peer feedback tool during his or her debrief session. Students indicated they were not surprised about the results, as specific dips and heights tracked with specific events they recalled (such as graphic designers putting in a lot more effort during specific weeks, or weeks during which an individual was traveling or dealing with personal issues).
Multiple Opportunities for Critique
Because the intention was to model a studio design course, I planned for multiple opportunities for critiques of course projects. This emphasis on critique was driven by my experience learning from and teaching with Professor Elizabeth Boling while at Indiana University, as well as reading about studio pedagogy.
I realized that not all students would be familiar with the practice. Therefore, I planned both structured and un-structured activities which were intended to provide a friendly environment to help students not only improve their designs but also gain experience with giving and receiving critiques. Students received critiques in several ways. Fellow students gavecritique at multiple pre-set "peer critique" sessions (some on written documents, some in person, as shown in Figure  10 ), as well as informally discussing their projects in class. However, the latter occurred less often than I had anticipated because students generally kept to their own teams. Students asked clients for feedback at client meetings, which generally included students updating clients on analysis and design activities, and discussing design alternatives. Another faculty member with expertise in HCI attended two class sessions and spent around half-an-hour per group giving critiques on two occasions. Several groups also reached out to potential users in various ways to get feedback on early ideas or mockups.
I regularly circulated around the room engaging in informal group desk-critique, which varied from serving as a sounding board, to providing just in time instruction, and talking with them to sort out design problems. This time also became an opportunity for me to clarify communication problems, often attempting to translate or at least point out where disciplinary language was being misunderstood without either party realizing it. I also provided detailed written feedback on each report submitted.
In order to encourage students to make well-informed use of critique, I required them to reflect and respond to formal peer, instructor, and client critiques. The template shown in Figure 11 was used to record each critique provided, how the team intended to use the feedback, and the justification for their choices. Each critique received was generally reported in great detail, with every distinct comment recorded as a separate item. In retrospect, I wished I had provided more guidance on synthesizing across sources before making design judgments.
Grading
My goal was for students to achieve personal development rather than meeting a specific standard. Throughout the class I encouraged students to focus on my feedback, not grades, and therefore gave a large amount of detailed feedback. Similarly, I did not grade the quality of the final prototype. Rather, grades were based on how they went about the process, as evidenced through their written materials and presentations. Illustrations of early designs and the final prototype were reviewed for evidence of evolution of the design based on their research, critique received, and user testing. The distribution of points aligned with this vision.
Special Guests
On the first day of class, experts were invited to present on intellectual property concerns at the university and project topics. My primary reason for this request was to ensure that students understood their rights and relationship with the clients (or sponsors) in terms of intellectual property. However, the IP experts also provided a broader overview about intellectual property rights, as well as bringing useful handouts. Students responded very favorably to the session and indicated that it was very useful in terms of explaining different types of protection for intellectual property (e.g., copyright, trademark, and patent) as well as their rights as Purdue students; most had not been aware that Purdue students retain intellectual property rights to anything created as part of a class project.
Later in the semester, an expert in HCI design was invited to attend two class sessions. In addition to presenting on wire-framing and user flow diagrams, our expert provided in-depth critique on students' interface designs.
Typical Evening in the Classroom
The course was offered from 5:30 p.m. to 8:20 p.m. on Thursday evenings, and took place in a classroom which included large, movable tables for group-work and whiteboards on every wall. A computer station projected images onto screens at the front and back of the room. Thirteen students originally enrolled in the course, but two left within the first week due to heavy course loads. This left eleven students, who worked in two groups of three and one group of four for the major course project.
On a typical course night, students generally talked enthusiastically with me or with each other until all students had arrived, usually a few minutes after the official start time. I would make brief announcements about upcoming deadlines and plans for the evening. Then, a student would present a course topic. After presentations were over, I would often introduce another activity related to group projects. Once completed, groups would continue to work on their projects. Students were encouraged to work on whiteboards and paper during design phases, although a number felt more comfortable working on laptops. During group work time, I would check in on each group one or more times, asking questions and offering comments or critique. After the class ended for the night, multiple students would stay to talk with me, either to offer additional thoughts of their own about course topics, or to express private concerns about their group's progress and other group-related issues.
STUDENT REFLECTIONS ON COURSE EXPERIENCE
Students were asked to write reflections at the end of the semester, responding to four prompts: Students also had individual debrief sessions with me during the last day of class. The quotes in this section come from these two sources.
Cross-Disciplinary Experience
Students indicated that they appreciated learning about the mindset, tools, and processes used in multiple design disciplines. One student, who had significant experience as an entrepreneur, and in teaching design, explained:
Over The same student indicated, "I loved all the presentations. Sometimes I learned about things they didn't think I would learn… a lot that is very applicable to me in game design… [for example,] graphic design is a language itself. " Early in the semester, students requested that all presentations be uploaded in the course's LMS, and one student volunteered to video record sessions.
Varied but Growing Understanding of Design Process Models
Most students came to understand the concept of a process model, and the differences and similarities between models presented, to varying degrees. One student, who had experience in several design disciplines, was able to think deeply about similarities, differences and touch-points between different process models (his visual depiction of this understanding can be seen in Figure 4) One of his team-members (who did not come from a design field) explained the team's thinking about developing their own process model (see second picture of Figure 3 for initial brainstorm, and Figure 12 for their final depiction of their process, as documented in their design document).
I never knew that there are different types of design [process models] and each one had a unique name. While someone was giving a presentation about design [process model] types, I was thinking our project might take the mixture of waterfall and spiral design though it was not on the article nor presentation, (it was either spiral or waterfall). However, there was somebody who thought the same thing as I did, and I learned it is good to envision different ideas from articles or presentations.
FIGURE 12. Student team's modified process, shared as part of final design document.
Even students with a background in instructional design or other design fields may not have experienced the more iterative and cross-disciplinary models encouraged in this class. As a student with teaching and practical experience in engineering design explained, 
Project experience
Clients & Project Definitions
Each team had unique experiences with their client(s) and with clearly defining the problem statement and scope. Student teams struggled with initial client presentations that did not clearly identify the problem and project parameters, or provided too many goals or questions without clear guidelines on what they hoped to see at the end. As one student described, "On day one, our client gave us a presentation to describe [the existing software] and the problem that they wanted us to solve. The presentation was not informative at all, and we were not sure what the problem was. "
Although some students were frustrated with the client or the course design, others indicated that, in retrospect, they could have done more to work with clients.
I would ask for more meetings earlier with the key stakeholders. I would clarify what they are most interested in knowing/learning/solving. I would make sure I had access to a fully populated [student] profile [within the existing tool] so as to see how it works and displays.
As described earlier, students were especially interested in the educational aspect of the software they were designing.
Even though we [had] defined the goals and objectives and needs for the software, one of the most different thing is that we have to consider more about how to improve learners' or instructors' experiences and performances. User Inter Design focus on the ease of use, but for educational software, we need to think more and combine learners' and instructors' perceptions with design.
However, other students felt that this goal was not met. Across the duration of the course, I heard several comments that the software they were enhancing or redesigning was not truly educational, even though it was aimed at students and instructors (such as the digital badge system and the time management app). When speaking of her project, which involved enhancing the digital badging system, one student felt "[w]e were not really designing educational software… this was more a look at how a current product is functioning and how the interface needs to be improved. "
In the end, at least one team felt uncertain about what they should provide. Should they focus on what the client appeared to want and benefit most from (learner and needs analysis) or on what was required for the course? I encouraged students to balance my requirements with those of the client by focusing on what the clients requested but also provide them a design as proof of concept. The students in this team did not appear to be satisfied with this compromise-interestingly, students seemed dissatisfied notbecause of workload, but because they felt that producing a design could mislead the client into believing the team endorsed the use of this tool. This concern was exacerbated by a sense that they could not convey their concerns fully to the client.
I would have liked to be more honest with [the client] about our groups' feelings on [the project] and the potential it has. Even in our final presentation I feel we were trying to make it look better than it is. False hope over honestly didn't feel right to me. When I presented this to my group it was rejected out of fear of getting a bad grade.
(Team) Process
Analysis
In many ways, the teams did more than I expected them to do, especially in the area of analysis. I had anticipated that students would interview 3-5 students and instructors similar to those for whom the software was designed. To my surprise, the Japanese language group conducted a number of interviews and followed up with a survey distributed to all students currently enrolled in the course (46 responded), as well as all teaching assistants who taught the course and who were particularly interested in the development of this too (nine responded).
The time management app team were able to add related questions to focus groups that already had been planned for another purpose, allowing them to recruit 60 undergraduate students, as well as interviewing 3 faculty. The digital badge system group interviewed instructors, undergraduate students, and graduate students across three different programs. They later returned to a smaller number of students to conduct a think-aloud protocol on the current tool.
Analysis became a key phase for each of the student groups. As one student explained,
One of the biggest 'take aways' for…the project is from our last client meeting. [The client] said the two most valuable things to him were (1) The data we gathered about students/users and (2) the program map because it reflected a real/actual program. Out of all the design phases and process I thought it was powerful that he felt the front end analysis/data was one of the most impactful things for him.
Students returned to analysis related activities throughout the semester, by accessing existing secondary research as well as returning to potential users (instructors and learners) and clients to learn more about the expectations and motivation of each.
Design Process & Creation of Early Prototypes
Students were encouraged to use information provided by the client and analysis data to inform their initial designs. They were encouraged to create "multiple diverse concepts" (ideate), then focus on one or two general designs and refine these (iterate). Subsequent iterations were informed by feedback from clients, peers, the instructor, and special guests. Coming out of a period of being focused on analysis, students were eager to charge forward to a 'solution' . However, as one student recommended when requested to write guidance for future students, "Embrace the process including ups and downs, creation and revision, agreement and disagreement. Rapid prototype is your friend but you can't be married to your ideas. "
One team never seemed to diverge significantly from the initial concept that they agreed on very early in the semester. A team member described minor changes over time, based on feedback received. "There were many times I felt that our group came back to the same spot where we used to be along the designing process, but it was not completely the same as before. " Another team member found that the process of trying out different alternative that nearly fully returned to the original design was an affirmation on the quality of their design.
One thing that I would characterize as an affirming event is that the nature and scope of the project returned to my initial conception of the project. Initially, I thought of the pronunciation practice module as an adjunct to existing courses. Nevertheless, I kept an open mind and we considered alternatives (including a self-study use). However, in the end we returned to the beginning. Moreover, it was not due to some Machiavellian manipulation on my part.
He went on to describe why his team reverted to the original plan: It appeared to meet the needs of the clients and focused on an aspect of the problem not currently targeted by currently available commercial software packages. As the instructor, I could understand how the problem lent itself to the design produced, but had hoped they would branch out into more "wild" alternatives. The largest changes made were on the navigation page, not the main page that students spent most of their time interacting with.
Testing the prototype
Each team created a low-fidelity prototype to be used for usability testing. Although I recommended paper prototypes, all three at least initially began by creating interactive digital prototypes (see Figure 13 ). After testing these in class, two of the groups decided to print out each screen and use these printouts as a type of paper prototype. As the graphic designer in the Japanese Language team explained, they quickly moved from a somewhat interactive, on-thescreen prototype to paper printouts after initially testing the prototype with peers in class:
When it came time to implement it with actual testers, the prototype became big concerns. 
Expectations regarding development work
Although the course was advertised as "software design" with "no development skills required, " a number of students had goals of actually implementing software during the course period. The students who had development experience expected to do development work and believed there would be time during the semester to complete it. Those who did not had expressed anxiety about their lack of knowledge and experience, something I reassured students about several times early in the semester, and this probably led to at least one student dropping the course early.
The students in the Japanese Language group intended to continue their work after the semester ended. They had wanted to further develop their project, which was computationally complex. However, as far as I am aware, the team members had not progressed on their project because of other priorities, including the emphasis on research for the PhD students.
Need for Project Management
Many student comments related to a need for project management within their teams, a topic that was not explicitly covered in the course. One student indicated that this was "honestly the biggest learning experience. " I had requested that this team-member take on some of the organizational role because of difference in work styles and interpersonal friction between other group members. As one member of the same team reflected, 
Personal Responsibility
Interestingly, students did not place blame on the course, or me as the instructor, for team or client issues. Students generally indicated that they felt these were part of the real-world nature of the course and, in the case of team issues, were under their own control. One student explained, "as in any group-based work, there were some issues that affected the quality of the work. For example, it seems that management and professionalism were important skills that we should have paid enough attention to…"
When asked if there was anything I, the instructor, could have done to prevent or assist with these issues, students generally indicated that there was nothing I could or should have done differently. One student explained, " [Like] in the real world, we [referring to himself and fellow instructors in a technology program] tell students you will be in a group project with people you don't see eye to eye with and you have to suck it up and deal with it. "
Critique
Although students appeared appreciative of critique provided by peers, a guest faculty member, and the instructor and incorporated much of the feedback received in some way into their projects across the semester, they did not frequently call this out in the end of semester reflections, debrief, or end-of-semester survey. The feelings about critique received from clients across the semester varied. One group felt they needed to balance receiving feedback from clients and what they saw as a need to inform clients about the benefits of this analysis and design process. Two groups were frustrated by client contacts changing several times. Although they appeared to receive useful feedback from each, difficulties setting meetings or even determining who to set them with were added frustrations. The group with a student-initiated project had less difficulty scheduling and generally found the "client" in agreement with their designs-possibly due to prior mutual agreement on the core problem and potential solutions between this client and the team member with subject matter expertise. The key area of discussion between these group members and the client related to the degree to which the product being designed for the class would be directly tied to their immediate need and tools already in use at the university or made more generally viable as a stand-alone tool. Ultimately the decision to work on a standalone product was made for pragmatic reasons after several consultations with me.
Workload and use of Class Time
Students' reported time spent on this course ranged from 10-15 hours per week, to one student who reported 30-40 hours per week. I had anticipated that students would spend around 12-15 hours/week most weeks, which aligns with the common expectation of 3 hours outside of class plus one hour inside class for every credit hour (that is, around 9 outside hours and 3 in class hours each week). Although 12 hours/week may be high as an ongoing average for most classes, I felt it was reasonable for a class advertised as being project-oriented.
When asked about their workload during debrief sessions, most students said they worked much more than they had anticipated this semester, and several said that this course required more time than any other course they had experienced during their time in graduate school at Purdue. However, others indicated it was just about the right amount of time. Only one student called out this aspect of the course within the anonymous end-of-course feedback survey, indicating that the workload was "too much for the timeframe. " In contrast, one student explained during the debrief that he specifically did not mind the workload, because of the level of feedback received at each phase in the process, compared to the amount of written material produced by the group.
Other Feedback & Suggestions
Positive Responses
Anonymous, end-of-course student survey results showed that students were generally positive about the course and the instructor. Within open-ended comments, several individuals indicated that they appreciated the opportunity to work with real clients, others would have preferred to work on their own projects or a less open-ended project I created just for this class. They indicated they especially appreciated the special guests. During the debrief as well as in the survey, individuals mentioned that they liked the readings and had stored them away for later use, and two indicated that they had already used what they had learned in another course.
Areas for Improvement
Some individuals indicated they would have preferred working on their own ideas, or working on a new project rather than augmenting or refining an existing project. Others stressed that as the instructor, I should screen the projects better, to ensure that projects are "do-able" and interesting to the students in the class. Individuals commenting on the group experience recommended my allowing them to pick their own teams and projects and providing a "plan B" for groups that "really [go] sour in the first few weeks. " Individuals made a variety of requests, including incorporating material related to the business side of software development; ensuring that student-facilitated topical presentations are timed to match with course activities; allowing students to work on multiple projects or "consult" with other teams on areas of their expertise; and creating a second class for those who wish to further develop their projects.
CLIENT FEEDBACK
I sent a questionnaire to clients at the end of the semester. Two clients provided feedback for each of the badge system and time management projects, while one client responded to the Japanese language project. Clients indicated they spent 3-4 hours during the semester interacting with students and were satisfied with their overall interactions with myself and the students, as shown in Table 2 . 
responses included no answer to the items, as the individual (who responded to two teams) only interacted with the teams at the initial project introduction and the final report
The clients' open-ended feedback was very positive. When asked whether the students' designs met their original goals and expectations, the client representatives expressed enthusiasm about the teams' analysis report, citing specific findings that they found interesting or surprising. For example, "Yes! Their findings were valuable about how students perceive privacy" and "One valuable piece of feedback was that we may need to consider different views of traditional vs competency-based degrees instead of a one-size-fits-all approach. " They also mentioned the design, although this seemed less important to them ("I think the design was very well developed. I am interested in the actual outcome of this design. ").
Interestingly, clients seemed most impressed with the group that indicated they struggled the most with how to communicate their concerns with the client. For example, one stated, "These guys were a blast to work with. Very passionate about what they do, and very eager to share. " Several examples followed about the value and relevance of the students' analysis. The same group of clients reviewed another team, indicating that although the final design was rather "simplistic, " they thought the investigation done by the team was very useful.
This team attempted to solve a VERY challenging problem. They may have gotten into the weeds with redesigning [the] interface which was not part of the original specifications.
Once they started working with [one of the programs that used their software] to wrap their minds around the specific issues facing a program, they began to obtain more valuable feedback. They did a good job with the time they were given and we are very grateful for their time spent! These quotes illustrate a difference between the clients' expectations and my own, which I will discuss in the following section.
INSTRUCTOR'S REFLECTIONS ON THE COURSE DESIGN AND IMPEMENTATION
Now that I have had time to reflect since the course ended and re-review my in-class observation notes, artifacts of the students' analysis, and design process, as well as student and client reflections, a few key areas stood out.
Expectation Mismatch
One theme, apparent from the beginning of the course, was a mismatch between my students' and the clients' expectations. This was despite what I had thought was clear goal-setting on my part when I met with each client before the semester began. Although the students themselves were expected to set goals with clients, my intention was to limit the scope appropriately and ensure that tasks were in line with what could be accomplished in this course before the semester began. Despite these meetings, I was surprised at what clients presented when they visited the class to pitch their projects to students. The main discrepancy arose from my belief that clients would have a specific design 'problem' to solve or a new feature they wanted my teams to design. This turned out to not be the case for all three projects.
The student-initiated, oral Japanese feedback & assessment project was proposed by two of the four students that formed the project team. One of these students was a subject-matter expert (a Japanese language instructor), and the other had taken her course and was interested in the computational problems that would be involved in creating an automated feedback system. These students had a clear vision for what they thought was needed, and the team's FIGURE 14. Relatively few changes between early design (top) and final prototype (bottom).
design work was clearly heavily impacted by this initial vision. I requested that these students locate someone to serve as a 'client, ' one who was not a member of the team. The identified individual was someone who was also enthusiastic about the proposed idea and saw the same project needs as the two team members had proposed. Therefore, the students in this group did not experience the need to integrate different visions and priorities of individuals outside of their own design team, as would be typical when working within a larger organization or when developing software for internal or external clients. Despite the encouragement to "think outside the box" and come up with a variety of designs, this group's final concepts did not diverge as much as I had anticipated (see Figure 14) . However, some of the most important changes made were based on input from potential learners and instructors. For example, as part of a survey sent to current Japanese language students, the team mocked up three potential options and determined which was best understood (see Figure 15 ).
In the case of the time management project, initiated by the university's instructional technology development organization, the clients' initial presentation to the students focused on several open-ended questions they would like to have answered about students' motivation to use their tool and how the tool could be used to motivate students to develop better study skills. Thus far, the university had seen very low use of the tool, even when instructors offered extra credit to students who used it. In essence, the project description amounted to a request that my students conduct a learner analysis for an existing product. Once my students began looking at the existing software and conducted their analysis, they began questioning whether the software met the needs of the target learners. As one explained, One of the key problems this group needed to tackle was the seeming disconnect between what they were learning about student motivation and the implicit assumptions that appeared to be made by the existing software design. They struggled with how, and how much to tell the client. Some team members feared that such information would not be well received.
During the semester, the students and I negotiated with the clients on deliverables. I told the students that they should meet clients' needs as closely as they could, and so that I could be somewhat flexible about deliverables and due-dates; however, I also wanted them to gain experience designing and developing a low-fidelity prototype. Therefore, they needed to complete all course deliverables. Students felt that this did not align with the clients' strong emphasis on the value of the analysis document. While the clients seemed to find the prototype systems my students designed interesting, they did not have a need for someone to develop a prototype. Although our agreement was that the organization could 'take inspiration from our designs, ' it was unclear how, or if, the prototype itself was used or adapted by the IT group. This may have disappointed some students who were excited about the opportunity to design something that would actually be used by learners.
Student Workload
As discussed earlier, students indicated that the workload for this class was higher than that of other classes, and some felt that it was unreasonable. While I did anticipate that they would spend a fair amount of time outside of class with course readings, individual work, and team meetings, I also had planned to offset some of the workload by offering in-class studio time for students to work in their groups. However, more time than I had anticipated was taken up by student presentations, activities, and, especially, follow-up questions and discussions. Although students largely found these experiences useful, the result was much less "studio" time then I had planned on. This meant not only less time for me to observe the teams and offer critiques, but also more time had to be set aside outside of class.
In addition, some students reported spending more time outside of class than I had anticipated, and I sensed (although I had no direct evidence other than from participation in class discussions) that many students did not complete all or even any of the readings during the latter part of the semester.
I have continued to try to address these issues in subsequent years. In the next year, I held more strictly to my own guidelines on the duration of student presentations. In the following year I experimented with replacing in-class presentations with online discussions. I also continue to review readings, searching for shorter and more practitioner-oriented readings, as well as reviewing websites and videos, to replace densely written texts. Finally, I broke up deliverables into smaller chunks and realigned expectations. For example, instead of requiring UML, I gave students the option to use one from among many types of visualizations of their software, including flow-charts and site-maps. I also expected each student to write one set of requirements rather than cover all aspects of their design.
Student Growth
My intention for this course was to use a personal growth model rather than normative assessments or mastery learning approaches. Based on the end-of-course reflections, each student learned from this course, and the majority indicated that they grew in areas that aligned well with my goals for the course, as well as some areas that I had not intended (this is discussed further in Exter et al., 2018) . From my perspective, each student grew in some way, although some appeared to gain more from the course than others. For example, it became obvious to me that some students had read the materials and applied them in their course work and in-class discussions but for other students this was less obvious due to the largely collaborative nature of the course.
Team and Individual Effort
I realize now that I was not fully prepared for some aspects of the facilitation of the teamwork process. The most obvious issues were between individual team members. Students themselves indicated to me that there was nothing more I could, or should, have done to address interpersonal issues between them, stating "we are all adults". However, there was one aspect that students did not appear to be concerned about, but was most important to me: The team that was most satisfied with its collaborative efforts indicated that they primarily used a divide-and-conquer approach. While this allowed teams to build on their respective strengths, it did not encourage students to learn from each other (at least, not in much depth) or encourage everyone to gain at least some experience in each of the areas I had hoped they would. I recognize that my rather vague instructions to "collaborate and make everyone involved in each step of the process, but also lean on team members' strengths" did not give sufficient guidance. I am still exploring ways to achieve, or even articulate, the balance that I had intended, which would involve by leveraging students' own strengths while still engaging all team members in all parts of the process.
The differentiation in grading between individual team members that I had planned for did not occur because I could not be certain how much work the various team members had done. This was despite my informal attempts to determine what each team member was doing each week, and the use of a self-and-peer feedback tool provided little differentiation among students overall. Therefore, everyone got full points for "individual effort. " Since that semester, I have read more about team-and group-work, but I am still searching for guidance and, ideally, a tool that best suits a fully collaborative work model.
In the third iteration of the course design, I experimented with a "flipped" classroom model, in which students engaged in online conversations each week. The guidelines for students' initial discussion posts are designed to allow each individual to practice the skills they are learning (e.g., asking students to sketch multiple design ideas or create a process model their team might use). Guidelines for the follow-up discussions aim to give students opportunities to critique one-another's work and engage more deeply in each activity. Students are required to integrate what they have learned from course readings in both initial responses/ designed artifacts, and ongoing discussions. I believed this would encourage students to be more consistent about reading throughout the semester, as well as foster more substantive discussion and deeper learning. It also ensured that every student exercised the desired skills at least once prior to working as a team or relying on the student with the most expertise to create a polished product.
Critique & Feedback
For this studio course, I planned for critiques to play a major role and designed opportunities for students to receive formal and informal critiques from peers, clients, guest experts, and me. I was pleased at how this turned out, and I believe some credit goes to the scaffold used to enforce reflection and planning based on each formal review by peers (scheduled rotation of students to provide feedback on one another's work), clients (through client meetings), and me (written feedback on deliverables), as well as feedback received from prospective users during user testing. Compelling students to reflect on each critique and determine how to apply it (if useful) appeared to help students become more thoughtful about applying changes. This activity indicated a comprehension of underlying design tensions, or areas for improvement, in their design work. In retrospect, I was fortunate that students were able to provide well thought out and relevant feedback and recommendations to one another. I believe this was largely due to the prior experience of each student in the class. This may be something I will need to scaffold more in the future, based on my more recent experiences using a similar approach with groups that include members with no prior design experience.
Students received a large quantity of written feedback from me on all deliverables, especially on the analysis and design documents. One student continues to tease that I provided more written feedback than the amount of text contained in the original deliverable. For the most part, the feedback seemed to be utilized, although in some cases students appeared to be making changes because I told them to rather than students' own perception of the value of the feedback to inform the later design.
In subsequent semesters, I have incorporated additional rounds of formal critiques, which have been well received and used by students. This is paired with a move towards a more purposefully iterative design model, incorporating peer, instructor, and client feedback for every 3-week round. This model also provides more focus on continuous review of problem framing and scope, which is guided by what is learned from critiques, as well as a collection of primary and secondary information from, and about, learners.
Grading Considerations
Some students expressed concern about earning grades and points throughout the semester and also appeared to be especially concerned that the quantity of written feedback I provided on drafts (which did not receive grades) indicated that they would receive a low grade for the course. I assured them I was much more concerned with their own learning, and that I preferred they experience all of the ups and downs of a realistic project experience and submit materials that reflected this rather than try to produce something that appeared 'perfect. '
In subsequent semesters, I have continued to give feedback on an initial draft (generally incomplete) and grade a second (complete) draft, but I also allow students to resubmit their projects. This encouraged them to think through and apply feedback intended to help them grow in their understanding and use of the various techniques and types of documentation. This might be a constraining factor in the degree to which this course could scale up, but this is not a concern for me at this time, especially since feedback is given at the group level and even a larger class would likely not exceed five team projects.
Tie-in with Prior Experience
Although some students were very experienced in one of the disciplinary areas covered, none had professional experience specific to educational software design. This was not an issue, as I had intended to bring together students from different disciplines and give them a new experience. Students brought their own areas of expertise to the class, in topical discussions and within their working teams.
However, I was surprised to discover that students' related disciplinary experience did not prepare them fully for specific elements of the course. For example, several students had prior programming experience as part of their role as engineers, statisticians, or game designers. However, even these students did not show a complete understanding of UML or how to write requirements for a software project. I realized that I would need to spend more time understanding the backgrounds students bring to the course rather than assuming that their disciplines are "similar. "
I expected that students who had a professional background working with clients on complex projects within one or more design disciplines would be more prepared for this aspect of the course than others. Although this was true in many ways, it seemed that students needed to consciously draw on their experience from their own disciplinary work to deal with clients, as well as deal with very ill-structured problems introduced in this course. Interestingly, in their final reflections and end-of-course evaluations, several students noted that although working with clients could be frustrating, they recognized that this is a typical aspect of design work and therefore a valuable experience.
In subsequent years, I have been surprised at the impact of the make-up of the student body enrolled in my course. Each year, students vary not only in the areas of expertise, but also the specific knowledge gaps they bring. Working with these additional groups of students has made me realize that I have unwittingly made assumptions about their prior knowledge when selecting and creating resources for the course. For example, in the second year of my course, no LDT students enrolled. I rather naively assumed that Curriculum & Instruction students would be "close enough" and able to play a similar role to LDT students within their teams. However, I have found that these students were not necessarily prepared to conduct learner and needs analysis, or plan formative and summative evaluations of the learning aspects of the software. Therefore, I have created additional scaffolding and activities around these areas.
CONCLUSIONS
Students were generally positive about the course and indicated that they had met their own learning goals, as well as having learned things did not expect to when they enrolled(discussed in our co-authored publication about goals and expectations for this course (Exter et al., 2018) ).
The students who expressed the most enthusiasm also had the most recommendations for future improvement. In my mind, the biggest area of success of the pilot semester of was that it provided a lot of data for me, allowing me to continue to improve the course and find new ways to help prepare students to work in multi-disciplinary teams and meet the needs of real clients and users.
APPENDIX A Key Sections of Syllabus
EDCI 62700 Syllabus
Educational Software Design
Course description
In this hands-on course, you will work with students from across disciplines to design educational software to be used in K-12 or higher education. As part of the course, we will explore the processes and languages used by specialists in different disciplines to design and develop software. Then, we will go through the design process ourselves as we design a new piece of educational software or a significant new feature set for an existing software package currently being used in educational settings. Since the course is cross-disciplinary, each student will bring a different skill-set.
Course objectives
Instructor's Goals
After completing this course, learners will be able to: 1. Demonstrate understanding of language, design processes, and techniques used by other fields, including instructional design, software engineering, graphics design, and quality assurance. 2. Collaborate with peers as part of a diverse design team. 3. Work through a systematic design process while designing software for a real client and users. This will include: o Communicate effectively with clients and end-users (k-12 or higher education students). o Gather requirements from a client. o Create a design document that can be used to communicate with other team members and stake-holders. o Create a prototype of an educational software package or feature set. o Conduct a usability test. o Utilize usability test results to plan for future modifications to the software design.
Learner's Goals
In addition to meeting the instructor's goals provided above, each student will set his or her individual goals. 1.
2.
3.
Course Text
No textbook will be used for this course. Readings will be drawn from a variety of sources. Many of the readings will be selected by students.
Assignments
You will have a number of individual activities to complete throughout the semester, as well as participating in a large group project. You will also be serving to evaluate and EDCI 62700 Syllabus
Educational Software Design
o Results of your learner and needs analysis: description of gap or need you are filling, users, and context. This should include some references to research on the users, context, and/or learning or other objectives for the software (for example, this could include academic research on adult learning theory; motivation theory; gamification. It could also include statistics on the break-down of students at Purdue, data provided to you by the client on previous requests or typical usage patterns, etc.) o Requirements Specification document and Use Cases: use the template provided o Initial interface design: Design for all screens you believe will be included for the software/feature you are designing. The screen designs may be handdrawn or electronic (you may use wire-frame software, visual design software, PowerPoint -whatever allows you to generate images that convey your current design ideas).
• Client feedback report: You will get feedback from your client at least three times. This report will contain the feedback you receive, and your plans for modification based on that feedback.
• Instructor and peer feedback report: You will get feedback from your instructor and peers twice during the semester. This report will contain the feedback you receive, your reflection on that feedback, and your plans for modification based on the feedback.
• Prototype: This will be the prototype you will use for your pilot user testing.
Depending on the needs of the project and the skill-set in your team, your prototype may be in many forms, including (but not limited to): a paper prototype; to an interactive PowerPoint document; an HTML mockup; or a partially functional application.
• Usability Test Plan: This will include a script which will describe in detail what users will do as part of the usability test, and supporting materials.
• Final Project Report: This documents your work from the entire semester, and will include: o Executive summary, including original purpose, summary of key steps in your process, the current state of your prototype, and future plans o Design document (as an appendix) o Documentation of your process -show photos, screenshots, and other images or text that documents the progress of your development over time. o List of changes made to design since design document was created (and rationale for changes) o Key screenshots of prototype, and link to the prototype or include all pages/slides in an appendix o Usability test result report (including the test plan, the test results, and your interpretation of the results) o Final feedback from client o Plans for future modifications based on usability test results and client feedback EDCI 62700 Syllabus
Educational Software Design provide feedback on group members' work throughout the semester. In-class time will be provided for many of these activities. However, both individual and group work will be done out-of-class as well. In some cases, we may begin an activity in-class and complete it outside of class.
Individual Activities:
• Plagiarism Certificate: During the first week of the course, complete the Plagiarism tutorial and submit a copy of the report. No assignment will be graded without submission of this item. Review the resources on http://www.education.purdue.edu/discovery/research_integrity.html and https://www.indiana.edu/~istd/ . Then, take the certification test at https://www.indiana.edu/~istd/test.html . Submit your certificate in the Assignments area in Blackboard.
• Presentations: You will lead part of a class session relating to one of the special topics covered in this course. You may wish to incorporate interactive activities into your presentation. Prior to the presentation, you will provide one or more readings for your peers to complete. Presentation topics will include the following -but if you have an idea for a topic not on the list, discuss with the instructor! o Instructional design models (ADDIE and alternative models) 
Group Project
You will work as part of a group of 3-5 peers to design a piece of educational software or a significant new feature set for an existing educational software package. By the end of the semester, you will have created a testable prototype and conducted a usability test on it. Along the way, your group will create the following artifacts/activities:
• Design document: This PDF document will include:
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o Implementation and evaluation plan (can use what was created as part of in-class activity) • Project Presentation: Your group will present on the context and users, the software you designed, usability test results, plans for future development, and lessons learned. All team members must participate in presenting the project.
• Individual Reflection: Each team member will separately reflect on the design process and group experiences. During the semester, group members will be asked to participate in Self and Peer Evaluations each week once group work has begun. This is designed to make students more aware of the group process, and their role and performance within the group. 
ASSIGNMENT
